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ABSTRACT 
Chrysanthemum is an important cut flower grown widely in Cameron Highland, Malaysia. The chrysanthemum growers 
encountered soil-born diseases, nematodes and accumulation of salinity when production in the same area was practiced 
continuously. Soilless culture was a cultivation technique independent from soil condition. The purpose of this research was to
determine the growth of chrysanthemum grown in two soilless systems included tray system and trough system. The tray system 
used seedling trays (50 holes, 140 cm3/hole) as container, and the trays were arranged over the raise base covered with 
polyethylene sheet.  Cuttings of chrysanthemum ‘New Yellow’ were grown in the tray and arranged at density 81 plants/m2. Each 
plant was irrigated by drip emitter 6 times/day with nutrient solution containing N 200, P 60, K 300 Mg 50, S 75, Fe 12, Mn 2, B
0.3, Cu 0.1, Zn 0.1 mg/L. The trough system was made from polyethylene sheet with a thickness of 0.04 mm laid over 
polyethylene sheet. The height of the trough was 15 cm and the width was 1 m. Chrysanthemum cuttings were grown in trough 
containing of coconut peat thickness 10 cm height and plants were fertigated with nutrient solution by drip tape once a day for 
three weeks, after that the plants were fertigated three times a week. The growth and flowering of chrysanthemum in the two 
systems were observed. The growth and quality of flowers produced in the tray and the trough system were similar. No 
significant differences in flower characteristics were observed between the two systems except for flower color. Chrysanthemum 
produced in both soilless systems received the same price for grade A as soil grown chrysanthemum. This indicated that 
chrysanthemum production in soilless system can be adopted to eliminate soil related diseases in the highlands.
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1. Introduction
Soilless culture industry increased rapidly around the world. Vegetable crops like lettuce, cucumber, tomato 
were mainly produced by using this technique. For cut flower, there were some successive commercially crops 
including rose, gerbera, and anthurium (Van OS et al. 2008). Commercial rose production in substrate with burned 
rice husk mixed with coconut fiber in recirculation system had internal rate of return (IRR) of 198% and benefit cost 
ratio of 2.08. This system had higher productivity than grown in soil (González et al. 2010). In case of single stem 
rose production in substrate, IRR of production was around 77% for average market condition. Break-even costs 
range from USD0.20 - 0.25 per stem. The IRR can increase to about 175% for special occasion (Robert and Woods, 
1997). Gerbera production in soilless culture system also can improve income of growers and it was more profitable 
than soil culture (Grafiadellis et al. 2000).
Chrysanthemum production is possible by soilless culture system. Production of cut chrysanthemum on bench 
system had more than 50% higher productivity  compared to soil bed production (Morgan et al., 1982). De Visser 
and Hendrix (1986) reported that chrysanthemum grown in nutrient film technique system (NFT) had 24% higher 
productivity than grown in soil . Buwalda et al. (1994) also stated that growing chrysanthemum in substrate and 
irrigated by ebb-and-flow system produced good quality of flower without root diseases infection. Hansen (1999) 
tested to produce chrysanthemum on movable bench to reduce labor and material costs. This system can increase the 
number of stems by more than 50% of greenhouse area. Numerous studies have revealed that soilless system can 
increase yield of chrysanthemum but the investment and production cost were much higher, thus reducing the 
economic possibility (Van Os et al. 2008). Pizano (2002) stated that the high investment slowed down the expansion 
of flower production in substrate culture in tropical and subtropical countries. Recently, Blok and Vermeulen (2012) 
developed chrysanthemum growing system in sand base system, peat base system and cassette base system to 
compare with soil grown. They found that all systems were unprofitable.  
This experiment was carried out to determine growth and flowering of chrysanthemum grown in the tray system 
and the trough system. At the same time, quality of chrysanthemum produced in two soilless systems was evaluated.
2. Materials and Methods
This experiment was conducted in a rain shelter at Malaysia Agriculture Research and Development Institute 
(MARDI), Cameron Highlands, Pahang, Malaysia in April – August 2013, to compare the production and quality of 
chrysanthemum production in two substrate culture systems included tray system and trough system. The tray 
system used fifty cells seedling trays (plug volume of 140 cm3) as containers. Six seedling trays were arranged in 1 
m2 over the raise base covered with polyethylene sheet.  Cuttings of Chrysanthemum morifolium ‘New Yellow’ 
obtained from Highest Top Flora Marketing, Sdn.Bhd., Malaysia were grown in seeding tray contained with coconut 
peat 140 cm3. Cuttings were arranged at plant density 81 plants/m2. Each plant was irrigated by drip emitter 6 
times/day with nutrient solution contained N 200, P 60, K 300 Mg 50, S 75, Fe 12, Mn 2, B 0.3, Cu 0.1, Zn 0.1 
mg/L (Mohammad et al. 2003). EC of nutrient solution was maintained between 1.3 - 1.5 mS/cm, pH was kept 
between 5.5 – 6.5. 
The trough was made from polyethylene sheet with a thickness of 0.04 mm, the height of trough was 10 cm and 
the width was 1 m. The trough was supported by metal pole and metal wire. At the ground of the trough had 
drainage holes diameter 1 cm thoroughly. The trough was laid over polyethylene sheet. Coconut peat was put inside 
the trough with thickness 10 cm along the trough. Chrysanthemum cuttings were grown in trough at plant density of 
81 plant/m2. Plants  were fertigated with nutrient solution as mention previous by drip tape one time a day  for three 
weeks, after that plants were fertigated three times a week  (Roberto, 2007). Long day condition from incandescent 
lamp (100 w) was provided to flowers in both systems between 7.00 pm to 11.00 pm for eight weeks. Plants were 
supported by plastic net until harvest. Pest and disease was monitored and controlled during the experiment.  
At harvesting, two plants per replication were taken randomly to measure plant height, stem diameter and fresh 
weight and their average was taken as the actual reading. Leaf, stem, root, and flower were separated from a plant 
per replication. Leaf area was measured by leaf area meter 3100 (LI-COR, USA). Root surface area was determined 
by WinRhizo program. Plant part samples were dried in oven at 70º c 72 hours and dry weight was recorded. Total 
chlorophyll content was extracted and measured at the sixteenth week after transplanting by method of Coomb 
(1987). Chlorophyll fluorescence was measured by Handy PEA (HansaTech, UK) and proline content was extracted 
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by method of Bate (1973) at the sixth week and the fourteenth week after transplanting. Leaf nutrient concentration 
was analyzed at the sixth week and the fourteenth week after transplanting as explained in previous chapter. 
Day to flowering was recorded when 50% of plants in each plot showed flower bud larger than 0.5 cm. Day to 
harvest was recorded when 50% of inflorescence in each plot had three half-opened buds. Number of flowers was 
counted from flower bud with diameter larger than 0.5 cm. Flower diameter was average from three flowers per 
inflorescence measured by vernier caliper. Yield was determined by counting number of flower stems longer than 
60 cm from each experimental plot. The experiment was arranged in completely randomized design 8 replications. 
Data was analyzed by SAS 9.1 and means were compared by t-test at p<0.05.  
3. Results and Discussion
Plant height and stem diameter of chrysanthemums grown in the tray system were higher than in the trough 
system as show in Table 1. But the difference was not significant. The tray system produced larger numbers of leaf, 
leaf area and leaf length compared to the trough system but only the numbers of leaf was significantly different. This 
may be as a result of fertigated more frequency by 8 times/day compared to 3 times/week. Schuch (1998) stated that 
plant height and leaf area of chrysanthemum grown  under high irrigation were  better than low irrigation. Higher 
irrigation frequency can maintain moisture at root zone of plants grown in small container (Gizas and Savvas, 2007).
Growing system significantly affected root surface area, plants in the trough system had significantly larger root 
surface area by 63% than those grown in the tray system. This was an advantage of the trough system which allowed 
the root to expand. 
Table 1 Plant growth response of chrysanthemum grown in tray system and trough system 
System Plant height 
(cm) 
Stem diameter 
(cm) 
Number of leaf Leaf area 
(cm2)
Leaf length 
(cm) 
Root surface area 
(cm2)
Tray 115.38 a 0.60 a 51.25 a 1,026.50 a 10.74 a 142.72 b 
Trough 108.16 a 0.58 a 42.63 b 944.34 a 10.42a 233.03 a 
Sig ns ns 0.05 ns ns 0.05 
Means followed by the same letter were not significantly different at p< 0.05 by t-test 
No significant differences were obtained for fresh weight compared between the tray system and the trough 
system (Table 2).  Leaf, stem, root, flower and total dry weigh of chrysanthemum grown in the trough system were 
greater than those of the tray system. However, the significantly different were observed only root dry weight by 
52%. Weerakkody et al. (2002) reported that root fresh weight of Ipomoae aquatica cultivated in the trough system 
was highest compared to NFT, bag system and soil culture. In agreement with finding of Rieger and Marra (1994), 
root dry weight of peach trees was reduced when rooting volume decreased. Root:shoot ratio of chrysanthemums 
grown in the trough system was larger than of the tray system. This finding agreed to Foote (2001) who found that 
root:shoot ratio of sweet cherry grown in bag decreased compared to conventionally trees.  
Table 2 Fresh weight and dry matter of chrysanthemum grown in tray system and trough system 
System Stem fresh weight Dry weight (g) Root:shoot 
 (g) Leaf Stem Root Flower Total ratio 
Tray 81.97 a 4.67 a 13.39 a 1.43 b 3.81 a 23.31 a 0.08 b 
Trough 83.62 a 5.34 a 13.81 a 2.19 a 4.89 a 26.23 a 0.11 a 
Sig ns ns ns 0.05 ns ns 0.05 
Means followed by the same letter were not significantly different at p< 0.05 by t-test 
Chlorophyll fluorescence (Fv/Fm) and proline content as affected by growing system was shown in Table 3. At 
the sixth week and the fourteenth week, there were no significant differences of Fv/Fm between chrysanthemums 
grown in the tray or the trough system.  The Fv/Fm values from both systems ranged between 0.81 - 0.82 which 
were within the normal range for healthy plant at 0.79 - 0.84 (Björkman and Demmig, 1987). Whereas high levels of 
proline content were observed in the tray system than of the trough system at the sixth week and the fourteenth 
week. However, the differences were not significant statistically. Ali (2005) found that proline accumulation 
correlated with dryness of the substrate. This may occur in the tray system which had small volume of substrate. 
Total chlorophyll measurement at harvesting showed that chlorophyll content of plants grown in the trough system 
was significantly higher than that of the tray system. This may be a response of plant to root restricted condition. 
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Zhu et al. (2006) observed the reduction of chlorophyll in mature leaves of grapevine under root restriction. Dubik et 
al. (1990) reported that euonymus (E. Kiautschovica Loes.‘Sieboldiana') grown under root zone restriction had 
reduction of total chlorophyll content because root restriction contributed to imbalance of nutrient or hormone 
metabolism.  
Table 3 Chlorophyll fluorescence efficiency (Fv/Fm), proline content and total chlorophyll of chrysanthemum grown in the tray and the trough 
system 
Treatments Fv/Fm Proline (μg) Total chlorophyll 
 Week 6 Week 14 Week 6 Week 14 (mg cm-2)
Tray 0.82 a 0.82 a 11.73 a 11.81 a 8.27 a 
Trough 0.81 a 0.82 a 5.95 a 9.43 a 10.48 b 
 ns ns ns ns 0.05 
Means followed by the same letter were not significantly different at p< 0.05 by t-test
Leaf nutrient analysis of chrysanthemum grown in the tray and the trough system at the sixth week was shown in 
Table 4. Concentrations of N and Ca in leaves of chrysanthemums grown in the tray were higher than of the trough 
system significantly. However, the concentrations of P, K and Mg of plants grown in the trough system were 
significantly greater than of the tray system. This result agreed with Rieger and Marra (1994) who have reported the 
reduction of P and Mg level of peach trees grown in smaller size of container could be the effect of root restriction 
on nutrient uptake. While Boland et al. (2000) reported that K level in leaf of peach grown under restricted root 
volume decreased with decreasing of soil volume. 
Table 4 Leaf nutrient concentration of chrysanthemum at the sixth week after transplanting 
System Nutrient (%) 
 N P K Ca Mg 
Tray 2.13 a 0.44 b 4.85 b 1.43 a 0.54 b 
Trough 1.65 b 0.55 a 5.98 a 1.25 b 0.73 a 
Sig 0.05 0.05 0.05 0.05 0.05 
Means followed by the same letter were not significantly different at p< 0.05 by t-test 
Nutrient analysis of chrysanthemum at the fourteenth week showed that N, Ca and Mg levels of chrysanthemum 
plants grown in the tray system were significantly higher than that of the trough system (Table 5). The concentration 
of P and K did not differ significantly among the two systems. The variation of nutrient concentration between the 
two systems could be the result of different fertigation frequency and root environment which directly affected 
nutrient uptake. When compared with optimum level of nutrient for chrysanthemum suggested by Reuter and 
Robinson (1986), only nitrogen was lower than optimum level at between 4.5 - 6.0% while the others were within 
adequate level at P 0.26 - 1.15%, K 2.8 - 8%, Ca 0.5 - 4.6 and Mg 0.06 - 1.5. Thus, the N uptake of chrysanthemum 
may be improved by increasing N concentration of nutrient solution.
Table 5 Leaf nutrient concentration of chrysanthemum at the fourteenth week after transplanting 
System Nutrient (%) 
 N P K Ca Mg 
Tray 1.53 a 0.31 a 4.35 a 1.60 a 0.53 a 
Trough 0.90 b 0.28 a 4.00 a 0.76 b 0.37 b 
Sig 0.05 ns ns 0.05 0.05 
Means followed by the same letter were not significantly different at p< 0.05 by t-test
Flowering response of chrysanthemum grown in the tray system and the trough system was demonstrated in 
Table 6. Days to flowering and day to harvest of chrysanthemum plants grown in the tray system were 77 and 112 
days after transplanting. These were similar to those grown in the trough system. No significant differences were 
observed on numbers of flower, inflorescence diameter and flower diameter between the two systems. 
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Table 6  Flowering and flower characteristics of chrysanthemum grown in tray system and trough system 
System Day to flowering 
(day) 
Day to harvest 
(day) 
Numbers of flower Inflorescence diameter 
(cm) 
Flower diameter 
(cm) 
Tray 77 a 112 a 15.00 a 14.04 a 6.37 a 
Trough 77 a 112 a 14.69 a 14.28 a 6.33 a 
Sig ns ns ns ns ns 
Means followed by the same letter were not significantly different at p< 0.05 by t-test 
Table 7 showed the effect of growing system on flower color, vase life and yield of chrysanthemum. No 
significant differences were detected for lightness between the two growing systems. However, chroma and hue 
value of chrysanthemum grown in trough system were higher than grown in tray system significantly. The chroma 
value indicated saturation of color, it range from 0 - 60 (Minolta, 1994). From the finding can be implied that the 
color of flowers from the tray was more saturate than of the tray system. While the tray system had significantly 
higher hue value compared to the trough system. The hue angle value started from 90º for yellow color to 180º for 
blue-green color. This result revealed that color of flowers from the tray system turn to pale green than of flowers in 
the trough (McGuire, 1992). 
The vase life of chrysanthemum from the trough system was 12.38 day which was longer than of the trough 
system but the difference was not significant statistically. Comparison of yield between tray system and trough 
system expressed that the trough system had higher yield than the tray system significantly by 6.56%. This could be 
happen from consistency of watering in the trough system while the tray system sometime plants suffered from the 
drip clogging. The water clogging can occur from chemical precipitation due to high pH and ions’concentration (Liu 
and Huang, 2009) 
Table 7 Flower color, vase life and yield of chrysanthemum grown in tray system and trough system  
 Flower color Vase life Yield 
System Lightness Chroma Hue  (day)  stem/m2)
Tray 63.14 a 34.61 b 103.78 a 11.19 a 61 b 
Trough 61.09 a 39.53 a 102.34 b 12.38 a 65 a 
Sig ns 0.05 0.05 ns 0.05 
Means followed by the same letter were not significantly different at p< 0.05 by t-test
After harvesting, flower samples were delivered to ten flower distributors for evaluation. The distributors were 
asked about the price and grade of chrysanthemum from two soilless systems. Table 8 shows the price of 
chrysanthemum from each distributor. The average price of chrysanthemum from both soilless systems was RM0.59 
per stem similarly. The lowest price of chrysanthemum from the survey was RM0.46 and the maximum price was 
RM0.86. Most of the distributors classified the flower quality as grade A. This result can be confirmed that the 
quality of chrysanthemum from two soilless systems was accepted by the distributors.
Table 8 Price and grade of chrysanthemum from different distributors 
Distributors Tray system Trough system 
 (RM/stem) Grade (RM/stem) Grade 
SL flower 0.46 B 0.46 B 
Magnificent  0.47 B 0.47 B 
Basic flower 0.50 A 0.50 A 
Jin Flora 0.50 A 0.50 A 
Beauty and Fresh 0.54 A 0.54 A 
Buyflora.com 0.57 A 0.57 A 
Cameron flower 0.60 A 0.60 A 
Pekheng 0.67 A 0.67 A 
Lau’s Brothers 0.68 A 0.68 A 
Rich Flora 0.86 A 0.86 A 
Average 0.59  0.59  
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4.Conclusion 
Chrysanthemum grown in tray system had more number of leaves than of the trough system while the trough 
system provided higher root dry weight. No significant differences of flower characteristics were observed between 
the two systems except flower color. But the yield of chrysanthemum produced in the trough system was higher than 
of the tray system due to the larger substrate volume. Chrysanthemum quality produced in the tray and the trough 
system was satisfied from growers except leaf appearance and stem diameter. Meanwhile, distributors and 
consumers satisfied with all characteristics. Investigation of consumer’s willingness to buy indicated that consumers 
were willing to buy chrysanthemum from both systems, but the higher price was given to the trough system. This 
indicated a potential market of chrysanthemum produce in soilless culture. From financial analysis, chrysanthemum 
from both systems had positive result and they can make profitable. However, comparison between the two systems 
pursued that the trough system gained more NPV than the tray system with the shorter payback period. Thus, 
chrysanthemum production in substrate system by using the trough can be an alternative for production cut 
chrysanthemum. 
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